Background: Early disturbances of carbohydrate metabolism are an independent risk factor of development of cardiovascular diseases. Objective: The diastolic dysfunction and left ventricle remodeling depending on presence of impaired fasting glucose were examined. Methods: The characteristics of heart remodeling and fasting glucose of capillary blood were studied in 85 men aged 30 to 63 years without coronary heart disease. Results: In male patients with impaired fasting glucose in comparison of persons with level of glucose less than 5.6 mM/l, more pronounced diastolic dysfunction and left ventricle remodeling associated with more often presence III degree of peripheral obesity. Conclusion: Impaired fasting glucose in men increases probability of development of heart remodeling.
Introduction
The difficulty of medical and economic consequences does prevention of type 2 diabetes mellitus by one of important directions in health care [1] . In recent years, for increase in efficiency of prevention of type 2 diabetes much attention is paid to timely revealing of early disturbances of carbohydrate metabolism, the presence of which is accompanied by an increase in the risk of death from cardiovascular disease [2] . Remodeling of heart resulting in change of geometry and infringement of contractility is also independent risk factor of cardiac death, acute myocardial infarction, stroke, ventricular arrhythmias, and heart failure [3] [4] . It is shown that an increase in the risk of development of heart failure is associated with growth of glycosylated hemoglobin levels indepen-dently of the presence of type 2 diabetes mellitus [5] . Fasting plasma glucose and glycosylated hemoglobin levels were positively correlated with the early diastolic filling ratio and the deceleration time of the E wave in nondiabetic patients with treated essential hypertension [6] . In the last years was shown, that experimental prediabetes can elicit structural remodeling in the left ventricle [7] .
The purpose of this study was to examine the heart remodeling depending on presence of impaired fasting glucose in men without coronary heart disease.
Participants and Methods

Participants
We investigated 85 men aged 30 to 63 years (mean ± SD age: 46.3 ± 7.5 years) which were hospitalized in hospital for professional survey. The study included men of working age; most of them had peripheral obesity, bad habits (smoking cigarettes and alcohol consumption) and family history of hypertension and obesity. In order to exclude coronary heart disease in all patients electrocardiography was performed, along with bicycle ergometry, Holter electrocardiography monitoring, and echocardiography. For the diagnosis of peripheral obesity, body mass index (BMI) was calculated. Exclusion criteria from the study were chronic alcoholism, disorders of thyroid function, anemia, type 2 diabetes mellitus, chronic inflammatory kidney disease, and malignant neoplasm.
Methods
This study was approved by the hospital's Ethics Committee, and all patients gave their written consent.
The sample of glucose of capillary blood was collected after a fast of at least 12 hours. The echocardiography was carried out with use a Philips En Visor C (Bothell, USA). Left ventricular ejection fraction was assessed by semi-quantitative manner using the Biplane Simpson method. Patients with ejection fraction < 50%, mitral valve surgery, and severe valvular disease were excluded. Diastolic function was assessed in a standardized method and in accordance with the most recently published guidelines by the European Association of Cardiovascular Imaging.
For diagnostics diastolic dysfunction we studied early ventricular filling (E-wave); late ventricular filling (A-wave); E/A ratio; isovolumic relaxation time (IVRT); E-wave peak velocity; E-wave deceleration time (EDT); A-wave duration. At the flow analysis by pulsed Doppler of the pulmonary veins have been received additional indices: flow systolic peak (S)-divided in S1 an S2-flow diastolic peak (D), atrial reverse flow peak (AR) and duration rate of this reverse flow (AR-dur) [8] .
For revealing presence of left ventricle remodeling were defined: the mass of myocardium of the left ventricle, index of mass of myocardium of the left ventricle, and index of relative thickness of walls of the left ventricle. Various geometrical models of the left ventricle were allocated: normal geometry, eccentric hypertrophy, concentric remodeling, and concentric hypertrophy [9] [10].
Statistical Analyses
Statistical data processing was performed using the package Statistica 8.0 (StatSoft, Inc., USA). The data for categorical variables are expressed as absolute values and percents. Differences between groups were considered statistically significant at P < 0.05.
Results
Characteristics of the Study Participants
The comparative characteristics of the study participants are presented in Table 1 .
The level of capillary blood glucose < 5.6 mM/l was revealed in 62 (72.9%) persons, the level of glucose 5.6 -6.1 mM/l-in 16 (18.8%), and the level of glucose ≥ 6.1 mM/l-in 7 (8.3%) patients. Obesity was encountered in 66 (77.6%) evaluable patients, of whom 43 (65.2%) revealed I degree (BMI 30 -34.9 kg/m 2 ), 18 (27.3%)-II degree (BMI 35 -39.9 kg/m 2 ), and 5 (7.5%) patients-III degree of obesity (BMI ≥ 40 kg/m 2 ). In 72 (84.7%) patients arterial hypertension was observed, among which 66 (91.7%) men was with 1 degree and 6 (8.3%) men was with 2 degrees of the disease.
Obesity came to light more often in men with the level of capillary blood glucose ≥ 6.1 mM/l. Among individuals with glucose levels < 5.6 mM/l compared of men with glucose levels 5.6 -6.1 mM/l were found more often II degree of obesity (33.3% > 9.1%, P = 0.03). III degree of obesity was diagnosed in patients with glucose level ≥ 5.6 mM/l more often.
Depending on the level of glycemia there were no significant differences in the frequency of occurrence of arterial hypertension. In men with the level of capillary blood glucose 5.6 -6.1 mM/l the 2 degree of arterial hypertension met unreliable often.
Diastolic Dysfunction and Left Ventricle Remodeling of the Study Participants
Heart remodeling in dependence from level of fasting glucose of the capillary blood are presented in Table 2 .
Diastolic dysfunction (85.7% > 45.2%, P = 0.04) and left ventricle remodeling (85.7% > 35.5%, P = 0.01) were detected significantly more frequently in men with the level of capillary blood glucose ≥ 6.1 mM/l in comparison of patients with levels < 5.6 mM/l. In such patients more often the deficient relaxation (100% > 57.1%, P = 0.04) and concentric hypertrophy of left ventricular (50% > 13.6%, P = 0.05) were diagnosed.
Heart remodeling also was observed more frequently in persons with the level of capillary blood glucose 5.6 -6.1 mM/l. Diastolic dysfunction (62.5% > 45.2%) and left ventricle remodeling (56.3% > 35.5%) in these patients were found more often in comparison of men with glucose levels < 5.6 mM/l. Concentric hypertrophy of left ventricular in persons with glucose 5.6 -6.1 mM/l were diagnosed more frequently (33.3% > 13.6%).
Discussion
In recent years, because of the high prevalence and early invalidity the type 2 diabetes mellitus has become a serious medico-social problem. Often the diagnosis of this disease is established when the most of patients are already having macro-and microvascular complications [11] . Therefore, the early disturbances of carbohydrate metabolism which are predictors of development of type 2 diabetes mellitus became the object of close attention of scientists. Impaired glucose tolerance, impaired fasting glucose, and their combination belong to early disturbances of carbohydrate metabolism or "prediabetes" [12] . Table 2 . Heart remodeling of the study participants in dependence from level of glycemia.
<5.6 mM/l (n = 62) 5.6 -6.1 mM/l (n = 16) ≥6.1 mM/l (n = 7) The probability of identification of early disturbances of carbohydrate metabolism higher in patients with obesity, arterial hypertension and clinical manifestations of atherosclerosis is observed. According to British scientists, the impaired fasting glucose came to light not less than in 10% of patients with arterial hypertension [13] . In this study in individuals with impaired fasting glucose more often than in patients with a normal glycemia, III degree of obesity and II degree of arterial hypertension was revealed. Probably, the combination of hereditary predisposition to diabetes (PTPN1 gene), a high degree of obesity and arterial hypertension leads to increased of cases of heart remodeling in patients with impaired fasting glucose in comparison of men with glucose level < 5.6 mM/l.
In men with impaired fasting glucose the important contribution to more often development of heart remodeling brings III degree of peripheral obesity. It is known, that the higher remote cardiovascular risk, as well as risk of death from all reasons, is observed generally in persons with expressed obesity [14] . The increase in degree of obesity is accompanied by growth of the content of free fatty acids in the system circulation. The free fatty acids interfere the binding of insulin with hepatocytes that leads to development of hyperinsulinemia and also break the absorption and utilization of glucose in muscular tissue with development of a peripheral insulinresistance [15] . Growth of concentration of free fat acids in blood increases their availability for cardiomyocytes. The free fatty acids inhibit the oxidation of glucose in a myocardium [16] . Though fatty acids are more preferable substratum for cardiomyocytes, the energy received at oxidation of glucose is necessary for maintenance of the certain cellular functions. Disturbance of carbohydrate oxidation and increase in the rate of oxidation of fatty acids in a myocardium is an important factor in the violation of contractile function of a myocardium [17] . In experiment it is also shown, that the increase in concentration of fatty acids in a myocardium is accompanied by growth of protein content of the coupling which participates in reduction process of cardiomyocytes [18] . Also there are proofs, that factors secreted by epicardial adipose tissue (activin A) exert paracrine effects on cardiac metabolism and contractile function of the left ventricle [19] .
The pathophysiological mechanism promoting to the development of arterial hypertension and heart remodeling in individuals with obesity is the activation of sympathetic nervous system. The increase in transfer of nervous impulses on sympathetic fibers can be caused as hyperinsulinemia, and increase the content of leptin in blood plasma, the concentration of which directly correlates with the degree of obesity [20] [21] . Hyperactivation of sympathetic nervous system makes the important contribution to progressing of heart remodeling [22] .
Conclusion
This study demonstrated that in men with impaired fasting glucose compared to individuals with fasting glucose levels < 5.6 mM/l is more often diagnosed diastolic dysfunction and left ventricle remodeling.
